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Abstract- New magnetic configurations in 2D 
and 3D artificial lattices are studied by solving 
the non-linear equation based on the classical 
Heisenberg models for 2D and 3D artificial 
lattices. The results indicate strong possibility to 
be used as an ultra-high density magnetic 
recording media achieved by magnetic 
multi-valued (MMV) recording. The MMV states 
are based on the magnetic anisotropic 
configurations in 2D and 3D artificial lattices. In 
this paper, the magnetic properties of these 
artificial lattices and the density of MMV 
recording are discussed. 
I. Introduction 
Much attention has recently been paid to high density 
magnetic recording media, where the most important issue is 
to increase the recording density. Several proposals have been 
made to achieve this end such as the mark edge recording and 
the super resolution technique. Up to the present, magnetic 
thin films have been used and the improvement of recording 
density in tn'o dimensions has been tried. The recent highest 
recording density of 1 Gbit/inch2 is achieved with the 
ultra-small scale of 1 bit in about 800 nm2. Moreover, for the 
class of 10 GbiVinch' discussed the scale of 1 bit is decreased 
to 250 nm:. Although one of the methods to realize high 
density recording is todecrease the area for 1 bit, the recording 
density has already come to the limit of conventional scheme. 
Therefore, over the past few years a considerable number of 
studies have been made on MMV recording as the next 
strategy of high density recording. Experimentally, magnetic 
multi-valued MMV recording was firstly confirmed by the 
field modulation method on disks of bilayers [ 11 or by islands 
on thin layers [Z]. 
In the present paper, the possibility of an ultra-high density 
recording in three dimensions is first proposed. 
Three-dimensional artificial lattices with unit cells of different 
magnetic anisotropies is used as the recording medium. We 
have obsened intermediate stable and metastable states in 
these systems under external field. which can be used for 
MMV recording. 
11. Model and Numerical Method 
Detailed numerical simulations have been performed based 
on the classical two- or three- dimensional Heisenberg models 
with full long-range dipolar interactions. The present model 
assumes that the recording media are 2D and 3D checker-board 
type magnetic structures as shown in Fig. 1.  The easy axis of 
magnetization is uniform in each domain, but different from 
domains to domains. 
Fig. I The magnetic configt 
lattices; Full square: easy axis of magnetization is ni2 measured 
from horizon. Open square: easy axis of magnetization I S  0. Gray 
square: easy axis of magnetization is from 0 to n'2. Hatch: 
non-magnetic layer. (a), (c) Standard checker board, and (b). (d) 
with non-magnetic la~ers in 2D and 3D. respectively. 
The total energy of the system is expressed by 
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where.Si = (S,', Si", S,') are classical Heisenberg spin at 
position r, = (x1, y , ,  zi) and r,, = ri - rj : J the ferromagnetic 
exchange coupling between nearest-neighboring spins, K 
anisotropy-parameter, hi the direction of easy axis, and g the 
strength of long-range dipolar interaction. In this study, we 
take J = 1. We assumed that the applied external field is 
constant because the assumed unit cells of artificial lattices 
are much smaller than magnetic head for writing and reading. 
The spin relaxation time is also much smaller than the time 
of magnetic head moves over the artificial lattices. 
The ground-state energy of magnetic artificial lattice 
systems under external field is obtained by means of Monte 
Carlo simulation. By sweeping the strength of external field, 
we can deduce the hysteresis loops of the 2D and 3D artificial 
lattices. 
We also introduce non-magnetic thin layers which separate 
the exchange interactions between domains. Therefore, the 
regions with different magnetic anisotropies show different 
responses to the external field. 
The spin orientation of the ground state of the artificial 
lattices are determined from spin orientation corresponding to 
the minima of equation (1). The present system size for 
simulation is 1 6 X  16 spins in the 2D- and 6 x 6  X 6  spins in 
the 3D- artificial lattices, respectively. The minimum sizes to 
obtain the same magnetic properties are 4 x 4  for the 2D- and 
1 X 1 X 1 for the 3D- artificial lattices, respectively. The range 





The hysteresis loop obtained for the 2D artificial lattice 
without non-magnetic separators IS shown in Fig. 2(a) No 
intermediate metastable states are found in the system. This is 
because the exchange coupling is too strong compared with K 
and g and the system responds to the external field in a 
coherent way The hysteresis loop obtained for the 3D 
artificial lattice is similar to the result of the 2D case. 
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Fig. 2 (a) Hysteresis loop and (b) the total energy of 2D 
artificial lattice without non-magnetic layer. The results show 
normal hysteresis loop of the ferromagnetic materials. The order 
of sweeping external filed is 1 ,  2, 3, 2, 1, 4, 5 ,  6, 5 ,  1 ,  7, 2, 3, 2, 
1 .  
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Fig. 3 (a) Hysteresis loop and (b) the total energy of the 2D 
artificial lattice with non-magnetic separation layer. The result 
clearly shows an e\idence of MMV states. Four lenient slopes 
show MMV states. 
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The hysteresis loop obtained for the structure introduced in 
Fig. I(b) \vith non-magnetic layers is shown in Fig. 3(a). 
Four stable or metastable states have been realized with 
different magnetization values under different strength of the 
extemal field. This figure shows that the MMV states could 
be realized because there are 4 magnetization values. High 
recording density can be achieved by increasing the number of 
separated domains. 
In the 2D case, the system realizes the 2-bit recording. 
Higher recording density can be achieved by increasing the 
number of separated domains in the 3D artificial lattice. 
In the 3D artificial lattice, the obtained hysteresis loop of 
16 MMV states is shown in Fig. 4. In this case, the system 
realizes 3-bit recording. 
external field (arb. units) 
Fig. 4 HJsteresis loop for the 3D artificial lattice with 
non-magnetic separation layers. The result clearly shows an 
evidence of 41MV. This result shows 16 MMV states established. 
external field (arb. units) 
Fig. 5 Effect of dipolar interaction in the 2D artificial lattice. 
The MMV states is broken at Jig= 3.3. 
The hysteresis loops deduced by the present model with 
dipolar interaction are shown in Fig. 5. The dipolar 
interaction are varied ranging from J/g=m to 3.3. Since the 
dipolar interaction is a long range interaction. the spin in a 
magnetic region is strongly affected by the spins in other 
regions. When the dipolar interaction is very strong in the 2D 
and 3D artificial lattices, MMV states are broken, because all 
the spins of the system are correlated. 
IV. Conclusion 
Detailed numerical results on spin-reorientation transition 
obtained by large scale Monte Carlo and dynamic simulations 
are compared with the previous theoretical model [3] from the 
stand point of the effects of dipolar interaction and of 
magnetic film thickness. The model introduced in [3] is 
extended to 2D and 3D superlattices, where dipolar interaction 
is expected to play an important role. The present model 
includes the effects of the extemal field and the magnetic 
anisotropy energy in superlattices. 
The presently introduced method of MMV recording has a 
potential to realize ultra-high density media [4,5]. In this 
paper the feasibility of MMV recording media using magnetic 
anisotropic configurations is shown by solving the non-linear 
equation including the classical Heisenberg models for 2D and 
3D artificial lattices. The MMV recording is carried out by 
the magnetic anisotropic configurations separated by 
non-magnetic layers. The dipolar interactions disturb the 
MMV recording because i t  is a long range interaction. 
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Furthermore. the stability of MMV recording against 
dipolar interaction is estimated by varying the value of J/g. 
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